Distinguishing ulcerative colitis (UC) from Crohn's disease (CD) is normally based on evaluation of a variety of clinical, radiologic, serologic and pathologic findings, the latter in biopsy and/or resection specimens. Unfortunately, some patients with IBD show overlapping pathologic features of UC and CD, which makes definite distinction between these two disorders difficult or even impossible. In most instances of uncertainty, the patient shows clinical and pathologic features of UC, but in addition, the patient's colon resection specimen reveals one or more CD-like features. In this setting, a diagnosis of indeterminate colitis (IC) is often rendered. IC is not a distinct disease entity, and, thus, it has no diagnostic criteria. The most common causes of uncertainty in IBD pathology that may lead to a diagnosis of IC in a colon resection specimen includes the presence of fulminant (severe and toxic) colitis, insufficient radiologic, endoscopic, or pathologic information (including analysis of prior biopsies) on the patient, failure to utilize major diagnostic criteria as hard evidence in favor of CD, failure to recognize unusual variants of UC and CD that may mimic each other, failure to recognize non-IBD mimics and other superimposed diseases that cause unusual pathologic features in a resection specimen, an attempt to distinguish UC from CD in mucosal biopsies of the colon and ileum, or an attempt to change the patients diagnosis (of UC or CD) based on pouch or diversion-related complications. Details of each of these causes of uncertainty are discussed, in detail, in this review article. A diagnosis of IC should never be made clinically or by pathologists based on evaluation of pre-resection colonic mucosal biopsies. Ultimately, the majority of indeterminate cases represent UC, and, thus, most of these patient can be treated safely with a colectomy combined with an ileal pouch anal anastomosis procedure.
General comments, definition and terminology
Distinguishing ulcerative colitis (UC) from Crohn's disease (CD) is normally based on evaluation of a variety of clinical, radiologic, endoscopic and pathologic findings in biopsy and/or resection specimens. 1 In certain circumstances, particularly when there are overlapping clinical features, it becomes incumbent on the pathologist to help establish a definitive diagnosis of either UC or CD (or other types of IBD) in resection specimens. 2, 3 In most instances, these two disorders may be readily distinguished from each other, particularly when each exhibits classic gross and microscopic features (Table 1) . 3 Unfortunately, some patients with IBD show overlapping pathologic features of UC and CD, which makes definite distinction between these two disorders difficult, or even impossible. When a pathologist cannot make a definite diagnosis of UC or CD (or any of the other type of IBD that mimics UC or CD), a diagnosis of 'indeterminate colitis' (IC) is often rendered. 3 Some of the other terms that are used in this setting include 'uncertain colitis,' 'idiopathic chronic colitis,' 'IBD-unclassified,' 'IBD-nos' and 'IBD-unknown etiology'. 1, 4 In 2005, an international working party of IBD physicians indicated a preference for the term 'IBD unclassified' for patients with chronic colitis (IBD) without definitive features of UC or CD. 1 Regardless of the term used to describe this condition, it is important to realize that IC is not a distinct disease entity, and, thus, has no diagnostic criteria. IC should be regarded as an interim diagnosis until further information (clinical, radiologic or pathologic), or follow-up data, allows definite classification of the patient's true IBD type.
The prevalence rate of establishing an interim diagnosis of IC is highly variable among institutions and individual pathologists. 3, 5 Previously reported rates of diagnosis range from 1 to 20% of IBD cases. 3, 5 The frequency of establishing this diagnosis is often related to the level of awareness of the broad spectrum of pathologic features that may occur in UC and CD (see below section on causes of uncertainty in IBD pathology). For instance, in a study by Farmer et al, 6 24 university medical center pathologists from 8 institutions evaluated 84 colectomy specimens and 35 sets of biopsies from 119 consecutive patients with colonic IBD. An experienced IBD pathologist subsequently reviewed these cases without knowledge of clinical data or the patient's prior diagnosis, and rendered his own diagnosis. The 'GI pathologist's' diagnosis differed from the initial diagnosis in 45% of surgical specimens. For instance, of the 70 cases initially diagnosed as UC, 43% were changed to CD or IC, whereas of the 23 cases initially diagnosed as CD, 17% were changed to either UC or IC. These authors concluded that more accurate diagnostic criteria are needed to facilitate IBD patient care and to optimize treatment outcome.
Unfortunately, there is also a lack of consistency and clarity among pathologists with regard to the meaning, significance and definition of IC. 5, 6 For instance, in an informal survey of 10 GI pathologists (unpublished data), five pathologists defined IC as ''IBD: unclear if UC or Crohn's pathologically'', three defined it as ''acute fulminant colitis (with fissures),'' and two defined it as ''IBD, unclear either clinically and pathologically.'' Of the 10 GI pathologists, 8 believed that this diagnosis should only be rendered in resection specimens, but two suggested that it can be rendered in biopsies as well, a practice that is not recommended (see below). An attempt to establish a diagnosis of IC based on evaluation of preoperative biopsy specimens should be avoided, as this practice has a high potential for diagnostic error (see further below). 7 There are many reasons why establishing a correct diagnosis of UC or CD in patients with IBD is important. 1, 8 These two diseases have (presumably) different etiology, natural history, potential need for further surgical procedures, forms of medical management and response rates to individual drugs, risk for other disorders (such as PSC) and incidence of involvement of other portions of the GI tract. 1 Furthermore, there are differences in rates of familial involvement. Finally, and perhaps most importantly, UC patients are generally considered good candidates for a total colectomy and ileal pouch anal anastomosis (IPAA) procedure, whereas CD is generally considered a contraindication for this procedure because of the high risk of severe pouch complications. 9, 10 This review will address many of the challenges associated with interpretation of pathology resection specimens that demonstrate mixed features of UC or CD, and provides information that will help distinguish these entities. It is the hope that with more specific and extensive knowledge of the broad range of pathologic manifestations of UC and CD, pathologists will lower their rate of IC diagnoses.
Historical perspective
The term 'indeterminate colitis' was first introduced in 1970 by Kent et al 11 in a retrospective study of colectomies from 222 patients with IBD, a small proportion of which presented with fulminant disease. In this study, 14 cases were categorized as IC because of 'overlapping features and/or data insufficient to make a final decision.' Price 12 evaluated 30 colectomy specimens from patients with nonspecific IBD, 27 of which presented with fulminant colitis and a requirement for urgent surgery. In fact, 21 of these patients (70%) also had toxic distension of the colon, termed megacolon. In that study, many of the specimens contained overlapping features, such as cases seemingly UC, but with discontinuous disease, fissuring ulceration, transmural inflammation or relative rectal sparing. Interestingly, in that study, none of the patients had granulomas. Based on the presence of overlapping UC/CD features in these specimens, Price concluded that colonic resection specimens from patients with fulminant colitis are often indeterminate with regard to the specific diagnosis. It is now known that patients with fulminant UC may reveal unusual CD-like features, such as relative rectal sparing, transmural inflammation and superficial fissuring ulcers. 3, 13 These IBD patients follow a clinical course similar to UC, and have high success rate after total colectomy and IPAA procedure. 4, 9, 14, 15 Unfortunately, since the original studies by Kent and Price, the term 'IC' has been inappropriately expanded by both clinicians and pathologists for a variety of different reasons (see Table 2 ). 4, 5, 15 In my experience, lack of sufficient clinical information, lack of awareness of unusual pathologic variants of UC or CD, failure to diagnose CD when one or more major diagnostic criteria are present and failure to recognize non-IBD mimics and superimposed diseases are the most frequent reasons why pathologists diagnose IC. Furthermore, clinicians and pathologists often have different criteria for UC and CD. For instance, in an article written by a colorectal surgeon in 2002, titled 'The Case for IPAA for Indeterminate Colitis,' it is apparent that many patients who would normally be diagnosed clinically as IC (based on clinicians interpretation of pathologic findings), would normally be able to be diagnosed accurately as either UC or CD by pathologists with expertise in IBD. 15 For example, the author of that paper indicated that resection specimens with microscopic skip areas, longitudinal ulcers or mild transmural inflammation (not transmural lymphoid aggregates) focally, in a specimen that otherwise appears similar to UC, would be considered 'indeterminate.' However, several studies have shown that UC resection specimens may reveal any, or all, of these histologic features under certain circumstances, and thus, these are not considered valid reasons to change a diagnosis of UC to CD. 6, 13, 16 Close cooperation between clinicians and pathologists is essential when faced with an IBD resection specimen with overlapping or unusual features. 1 1, 20, 21 Radiologists are often helpful in differentiating UC from CD in complicated cases. 22 The presence or absence of segmental versus diffuse disease, upper GI or distal small intestinal involvement, the presence or absence of strictures, or fistulas, and the thickness of the intestinal wall, are some of the features radiologists use to diagnose UC or CD. Endoscopically, the type and appearance, and distribution, of ulcers, as well as the distribution of disease and the appearance of the ileum are often helpful as well. For instance, a patient with bloody diarrhea, either with or without obstructive symptoms, diffuse involvement of the colon but without involvement of the upper GI tract or distal small intestine, and complicated perianal disease (such as deep fissures, fistulas or strictures), is highly suggestive of CD rather than UC. 23 When evaluating diagnostically difficult IBD specimens, it is usually of benefit to evaluate all prior biopsies from the patient's prior endoscopies, and particularly specimens obtained from the patient's initial endoscopy, before treatment, in order to help separate UC from CD. For instance, absence of rectal involvement or patchiness of disease would strongly favor CD if these signs were present in the colon before institution of medical manage- Note that in cases of fulminant colitis, with deep ulceration, pockets of inflammation may extend into the muscularis propria (transmural inflammation). However, the inflammation is not in the form of discrete lymphoid aggregates, as in CD.
Causes of uncertainty in IBD pathology
ment. 16, 23, 24 Of course, the presence of CD-like granulomas anywhere in the colon, at any time during the course of the patient's illness, would also be supportive evidence for CD. 7, 18, 25, 26 Obtaining and evaluating important clinical, radiologic and endoscopic information is often best performed by direct face to face contact with the physician at the microscope.
Failure to Utilize Major Diagnostic Criteria as Evidence in Favor of CD
Historically, classic teaching emphasizes that UC and CD show characteristic macroscopic and microscopic features (Table 1) . 3 Classic features of UC include diffuse continuous disease of the colonic mucosa, with rectal involvement, inflammation that is worse in the most distal segment of colon and an absence (with few exceptions) of deep fissuring ulceration, transmural lymphoid aggregates, long segments or patchy segments of chronic or chronic active disease in the distal ileum, and an absence of granulomas. 1, 6, 16, 27, 28 Thus, UC is diagnosed most readily by a characteristic distribution of disease in the absence of major features of CD. 16 Major features of CD (ie, features that, essentially, exclude UC in a previously untreated and non-fulminant patient) include segmental disease, absence of rectal involvement, deep fissures, sinuses, and/or fistulous tracts, transmural lymphoid aggregates (distant from deep ulcers) ( Figure 2 ), epithelioid granulomas (unrelated to infection, foreign material or ruptured crypts), upper GI (with few exceptions) and/or lower small intestine involvement (unrelated to backwash ileitis, drugs, infection or bowel prep) and complicated perianal disease. 1, 27 Upper GI involvement (esophagus, stomach and or duodenum) is much more often related to CD than UC, particularly if the inflammatory changes are patchy, or associated with deep fissuring ulceration, or granulomas. [29] [30] [31] [32] Unfortunately, recognition of these major features may be difficult, particularly when the findings are limited, or masked, by extensive ulceration. Nevertheless, failure to recognize or accept any one or combination of these features as definitive evidence of CD, even in a patient who otherwise appears to have pathologic changes of UC, may lead to a potential erroneous diagnosis of either UC or IC. In the study by Farmer et al 6 cited above of 119 IBD patients, the results showed that most errors in pathologic interpretation of IBD cases results from a failure to recognize characteristic changes of CD, such as transmural inflammation and granulomas. In my personal experience, I have found that many cases of IC diagnosed in the community are related to lack of awareness of the pathologist that one or more of these major CD-related features represent sufficient evidence for establishing a diagnosis of CD, despite the fact that many or all of the other inflammatory changes appear UC-like. Thus, the failure to recognize and utilize major criteria as diagnostic of CD can eliminate many apparently diagnostically difficult cases.
Failure to Recognize Unusual Pathologic Variants of IBD
There is increasing recognition of subtypes of UC and CD that are diagnostically challenging and, historically, would likely result in a diagnosis of IC. Whether the prevalence of these subtypes has truly increased, perhaps due to the more widespread use of immunomodulatory therapy, or whether the increase is due to increased recognition is unclear. Figure 2 Patient with diffuse pancolitis with mucosal changes consistent with UC. However, in this case, transmural lymphoid aggregates, as noted in this figure, were present in several areas of the colon, indicating that the correct diagnosis is CD.
Unusual subtypes may be broadly classified as (1) UC with CD-like features and (2) CD with UC-like features. A summary of these variants is listed in Table 4 .
UC with Crohn's-like Features
There are several instances in which UC resections may reveal CD-like pathologic features. These are discussed more thoroughly in the following few paragraphs.
Fulminant UC. As discussed more thoroughly above, patients with fulminant UC may reveal relative, or even absolute, rectal sparing, superficial fissuring ulcers and transmural inflammation (but without transmural lymphoid aggregates), all of which can simulate CD. 12, 13 The reasons why patients with fulminant UC develop atypical inflammatory changes is unknown, but one potential reason may be related to the fact that the transverse colon is more severely involved in fulminant UC compared with non-fulminant UC where the inflammatory effects of the colon are typically most severe in the rectum. In cases of toxic megacolon, the bowel wall appears thin, dilated and congested, which can lead to the development of deep mucosal ulcerations similar to CD. 17 The serosal surface may demonstrate a fibrinous exudate, but only rarely is there evidence of perforation. The mucosal surface is often extensively denuded, ulcerated and hemorrhagic. Inflammation can extend deep into the wall of the bowel in areas of deep ulceration. These features should not exclude a diagnosis of UC when they occur in a patient with fulminant colitis.
UC with Discontinuous (patchy) Disease. Although UC is normally a disease that affects the colon in a diffuse and continuous manner, there are several situations in which inflammation may be discontinuous or patchy, similar to CD. These include: (1) the tissue-healing effect of topical or oral medical therapy. 24, [33] [34] [35] ( 2) The quiescent phase of mild chronic UC. 24, [33] [34] [35] ( 3) Initial presentation of pediatric UC patients before treatment [36] [37] [38] [39] and (4) periappendiceal or cecal patches of inflammation in a patient with subtotal (left-sided) colitis. [40] [41] [42] [43] [44] [45] Odze et al 24 evaluated 123 rectal mucosal biopsies from 14 patients with UC prospectively treated with 5-aminosalicylic acid enemas. In that study, during the course of treatment, 29% of rectal biopsies from 64% of patients were histologically normal after treatment. Patients treated with 5-ASA enemas showed a significantly higher prevalence rate of histologically normal rectal biopsy specimens compared with those who did not receive enemas. Subsequent studies by other investigators have confirmed and further expanded the findings by Odze et al (Table 5 ). [33] [34] [35] Overall, 30-59% of patients, many of whom are treated with either oral sulphasalazine or steroids, develop patchiness of disease, or rectal sparing, at some point during the course of their illness. It is well known that patients in the chronic (quiescent) phase of disease, without active signs or symptoms, may show minimal, or even complete absence, of features of activity or chronicity, (including architectural distortion) in mucosal biopsies of the colon. 24, [33] [34] [35] Biopsies may appear entirely normal, even in areas of prior inflammation. Thus, evaluation of disease continuity by analysis of mucosal biopsy specimens is not a useful method to distinguish UC from CD of the colon, particularly in previously treated IBD patients or those in clinical remission.
Several studies have documented the presence of relative, or even absolute, rectal sparing at initial presentation of pediatric patients with UC. [36] [37] [38] [39] For instance, in a study by Glickman et al 37 who compared rectal mucosal biopsy findings of 70 pediatric patients and 44 adult patients at initial presentation, before treatment, pediatric patients showed significantly fewer instances of chronic and/or active disease, and a greater number of patients with microscopic skip areas and relative rectal sparing, compared with adults. In that study, 2 of the 70 pediatric patients showed completely normal rectal biopsy specimens at initial presentation. In adults, relative rectal sparing, defined by the presence of less severe inflammation in the rectum compared with the proximal colon, may also occur rarely at initial presentation, but complete rectal sparing is extremely rare. 46, 47 In one study, although a 31% prevalence rate of relative rectal sparing was noted in 46 adult UC patients at initial presentation, histologic features of chronicity, such as architectural distortion, were almost always present in the rectal mucosa at the time of diagnosis. 47 Focal and/or patchy involvement of the periappendiceal mucosa, cecum or ascending colon may occur in patients with left-sided UC and, therefore, appear as a colon with segmental involvement, which may be falsely interpreted as evidence in favor of CD. [40] [41] [42] [43] [44] [45] 48 For instance, in a prospective study of 271 patients with UC, including 63 with left-sided or subtotal colitis, periappendiceal and/or cecal mucosal involvement was identified in 32% of patients. 47 In another study by Mutinga et al, 45 14 patients with left-sided UC and pathologically confirmed right-sided chronic active inflammation were compared with 35 control patients who had only left-sided UC (without right-sided involvement). These two groups of patients showed similar clinical and demographic features, including the presence and frequency of extra-intestinal manifestations, and an absence of development of CD upon long-term follow-up, which suggests that patchy right-sided inflammation in patients with left-sided colitis has little clinical significance.
Patients who have left-sided or subtotal colitis, an absence of involvement of the ascending colon and/ or cecum, but with involvement of the appendix, represents another type of 'skip' lesion in UC. 43, 44 In one study by Groisman et al, 44 ulcerative appendicitis was present in 86% and 87% of patients with non-universal and universal UC, respectively. In another study by Davison and Dixon, 43 the appendix was found to be involved with UC in 21% of 62 cases of distal UC.
UC with Granulomas. Although granulomas are typical of CD, up to 30% of patients with UC develop epitheloid granulomas related to degenerated collagen, particulate or fecal matter, superimposed infection, drug reaction and of course, ruptured crypts ( Figure 3) . 18, 25, [49] [50] [51] [52] [53] The latter are more common in patients with moderate or severe disease, and these granulomas may be indistinguishable from CD-associated granulomas. Crypt rupture-related granulomas develop, presumable as a result of mucin extravasation, but this is unclear because in many cases mucous cannot be identified by histochemical stains. 18 Since crypt rupture generally occurs more often in the base of mucosa, granulomas associated with UC occur more commonly in that part of the mucosa, whereas CD-associated granulomas occur anywhere in the mucosa, superficial or deep. 52, 53 Up to 30% of CD patients contain granulomas in colonic biopsies, and this figure approaches 60% in resection specimens. 54 UC with Inflammation in the Distal Ileum ('Ileitis'). There are several circumstances in which the distal ileum may be involved in patients with UC (Table 6 ). These include backwash-induced inflammation (backwash ileitis), infection (typically viral), the effects of drugs (such as NSAIDs), or the effects of bowel preparatory agents. [53] [54] [55] [56] [57] [58] [59] [60] [61] Backwash ileitis represents inflammation of the distal few centimeters of ileum because of inflammation-induced incompetence of the ileocecal valve and subsequent reflux of colonic contents into the ileum, which, presumably, causes inflammation. 54, 56, 57 Thus, backwash ileitis should only be considered in UC patients who have at least moderate-to-severe involvement of the cecum, and with involvement of the area of mucosa surrounding the ileocecal valve. In one study of 200 UC resection specimens, active ileitis was found in 17% of patients, and most of the inflammation was confined to the distal 1-2 cm of ileum. 56 Pathologically, backwash ileitis is most often characterized by the presence of mild (neutrophilic) inflammation, focal cryptitis or crypt abscesses, and partial villous atrophy in the distal ileum. Inflammation is most severe distally in areas of mucosa close to or at the ileocecal valve. In rare instances, surface ulceration, or even changes of chronicity, such as pyloric gland metaplasia be present as well.
Non-backwash-related ileitis in patients with UC is not uncommon. In one study 55, [58] [59] [60] [61] consisting of 50 patients with UC, 16% had ileal inflammation without involvement of the cecum indicating that Figure 3 High-power image of a ruptured crypt and associated granuloma in a patient with UC. These granulomas may only be recognized as associated with a ruptured crypt by cutting deeper levels of the tissue block in order to identify remnants of the crypt epithelium.
backwash was not the cause of ileitis. 61 As mentioned above, the effects of bowel preparatory agents, and/or drug such as NSAIDs should be considered in these circumstances, particularly when the inflammation is focal and involving the distal ileum in a focal or patchy manner. [58] [59] [60] Pyloric gland metaplasia occurs in NSAIDs-induced ileitis as well.
Other rare causes of ileitis in UC include bacterial overgrowth and ischemia. Primary involvement of the ileum by UC has also been proposed by some authorities. 58, 59, 61 Regardless, from a pathologist's perspective, a diagnosis of CD should be considered when a long stretch of ileal mucosa (generally 45-10 cm) is involved, is deeply ulcerating, patchy or segmental in distribution, shows established features of chronicity, or is associated with granulomas. If any one or more of these features are associated with radiologic abnormalities, such as thickening of the bowel wall or stricturing of the lumen, CD is the most likely diagnosis.
UC with Upper GI Involvement. Gastric and/or duodenal involvement has, rarely, been reported in association with UC. 29, 30, [62] [63] [64] [65] [66] For instance, in a recent study by Lin et al, 65 esophageal, gastric and duodenal biopsies in 69 UC patients were compared with 97 non-UC controls. In that study, UC patients showed a higher prevalence rate of focal gastritis, basal mucosal mixed inflammation, superficial plasmacytosis and diffuse chronic, or chronic active, duodenitis (Figure 4) . In some circumstances, duodenal involvement may be severe and diffuse, and as a result, necessitate surgical resection. The cause of upper GI involvement in UC is unclear, and a diagnosis of the latter should only be considered in patients who have unequivocal UC in the distal colon, without any major CD features.
Crohn's Disease with UC-Like Features
Up to 20% of CD patients show disease limited to the colon. 1 A small percentage of patients with clinically and/or serologically defined CD, with involvement of the colon, or the colon and distal ileum, may show UC-like pathologic changes in their resection specimen, such as mucosal-only disease (without mural involvement), isolated rectal involvement, or diffuse colonic disease. [67] [68] [69] [70] Patients with these features have been termed 'superficial' (UC-like) CD ( Figure 5 ). Essentially, patients with superficial (UC-like) CD have either ambiguous, or CD-like features, clinically, and UClike features pathologically. In these cases, a diagnosis of CD may be established by noting the presence of typical changes of CD in other regions of the GI tract, or by the presence of major features of CD in the colon, such as granulomas, rectal sparing from onset of disease, or most commonly, severe anal or perianal disease. In a recent study by Soucy et al, 69 UC-like CD was noted in 14% and 13% of patients with isolated colonic CD and ileocolonic CD, respectively. Overall, patients with UC-like CD were younger in age and had a higher incidence of limited left-sided colitis compared with patients with classic CD. The outcome of patients with UC-like CD after colectomy and IPAA is controversial. In the study by Soucy et al, there was no difference in the frequency of development of adverse outcomes of the pouch, such as fistula formation, pouch anastomosis breakdown, chronic pouchitis or recurrence of disease, in patients with UC-like colonic CD compared with those with classic colonic CD. However, in another study of 21 CD patients with UC-like pancolitis at presentation, all of whom underwent a pouch procedure, only 14% had pouch complications that necessitated pouch resection, which is substantially lower than published rates of pouch complications in patients with classic features of CD in the colon. 70 Thus, more research is needed in order to determine if patients with UC-like colonic CD can be treated safely and reliably with total colectomy and IPAA. Figure 4 Patient with known UC, without ileitis, and without any major features of CD who developed a 15 cm segment of severe chronic active duodenitis. In this medium-power photograph of a portion of the duodenum, there is near complete villous atrophy, ulceration, diffuse lymphoplasmacytosis of the lamina propria, crypt distortion and basal plasmacytosis, all features consistent with involvement by UC. In other areas of the mucosa, there are foci of cryptitis and crypt abscesses. There was no evidence of CD, such as transmural lymphoid aggregates, fissuring ulceration, granulomas unrelated to ruptured crypts or segmental distribution of disease. Table 7 lists the most common, non-UC/non-CD types of 'IBD' that may mimic the pathologic changes of UC and/or CD in biopsies and/or resection specimens. 7, 27 Table 8 lists the most common superimposed diseases that may develop in patients with established UC, which may result in changes in the pattern or distribution of inflammation that mimic CD. A complete review of the pathologic features of each of these disorders, and how each of them may mimic UC or CD, is beyond the scope of this review. However, certain general guidelines and principles are offered here. IBD patients who have a sudden change in their symptoms and signs, develop fulminant colitis, or sudden resistance to medical therapy, should be evaluated thoroughly for the accuracy of the diagnosis (of UC or CD) and for the presence of a secondary disorder, such as CMV infection, C. difficile-induced pseudomembranous colitis, ischemia or a drug reaction (eg, NSAIDs, ipilimumab and mycophenolate), [71] [72] [73] [74] [75] [76] [77] [78] [79] [80] among others ( Figure 6 ). IBD patients are at increased risk for CMV infection, and should always be considered in suddenly refractory IBD patients. In all, 21-34% of IBD patients with acute severe colitis, and 33-36% of steroid refractory patients have CMV detected in their colon. 75, 76 Furthermore, the presence of superimposed CMV, in a UC patient, may induce a flare that is segmental in distribution and disproportionately severe in the right colon and/or ileum. Immunohistochemistry for CMV is the gold standard method of detection. Detection of CMV is important because antiviral therapy remission rates range from 67 to 100%. 76 It is well known that patients with IBD, particularly those with UC, have an increased risk of intestinal ischemia. 71, 72 Recently, it has become apparent that patients with clinically and histologically confirmed microscopic colitis, either lymphocytic or collagenous, at some point in the natural course of illness, may develop clinical and/ or histologic features of IBD, particularly UC. 81, 82 Whether the presence of microscopic colitis renders patients at increased risk for IBD is unknown. Conversely, patients with clinically and histologically established IBD may at some point during the course of their illness, develop either focal or diffuse histologic manifestations of microscopic colitis, and in some cases, this may be associated with nonbloody (watery) diarrhea and an absence of endoscopic abnormalities. [83] [84] [85] Most patients with IBD sustain periods of inactive or quiescent disease. During the quiescent phase of disease, the bowel remains at risk for other diseases, particularly those that may be related to the treatment of IBD, such as microscopic colitis or drug-induced colitis. In addition, patients with established microscopic colitis, may show histologic features that mimic IBD, such as cryptitis, crypt abscesses, basal lymphoid aggregates, crypt distortion and Paneth cell metaplasia, all of which are typically mild and/or patchy in distribution, in contrast to IBD where these changes are more often diffuse (Figure 7) . 85 Diverticular disease-associated colitis, also referred to as 'segmental colitis,' is a disorder of unknown etiology that causes a UC-like appearance to the mucosa in the interdiverticular, and even diverticular, mucosa in regions of bowel involved by diverticuli (Figure 8) . 86 Mucosal biopsies from this 7 However, this disorder does not involve the rectum, and does not involve portions of the colon proximal to the region of diverticulosis, both of which are features that can be used to distinguish this disorder from UC. [86] [87] [88] Rarely, acute diverticulitis may mimic CD in resection specimens. 89, 90 This phenomenon may be recognized by the fact that CD-like changes are isolated to the segment of colon involved with diverticular disease. In one study of 29 patients with CDlike diverticulitis, only two developed CD, and both of these occurred in other regions of the bowel. 89 As mentioned above, many types of drugs may cause chronic or chronic active colitis that mimics IBD, in both biopsy and resection specimens. Ipilimumab, a drug used for the treatment of metastatic melanoma, has been reported to show UC-like inflammatory changes in the colon. 91 Mycophenolate, a drug used to prevent kidney allograft rejection, is also well known to induce chronic diarrhea and histologic features that mimic IBD, particularly CD. 78 Mycophenolate-induced chronic colitis often shows prominent apoptosis, apoptotic crypt abscesses and increased eosinophilic inflammation in the absence of lymphoplasmacytosis. 78 NSAIDs may cause focal or diffuse changes that mimic UC in biopsies and resection specimens, but in these patients, other portions of the GI tract are usually involved as well. 92 
Attempt to Distinguish UC from CD in Biopsies
Mucosal biopsy specimens are typically superficial in nature, and, thus, provide little information regarding important histologic features used to discriminate UC from CD, such as depth of disease activity, the presence or absence of transmural inflammation or the type of ulcers present. Unfortunately, the mucosal features of UC and CD are often indistinguishable, and thus, none can be used to reliably separate these two disorders. Features typically associated with CD, such as relative or absolute rectal sparing, skip areas of inflammation, and ileal involvement, may also occur in UC, particularly in previously treated patients. Uneven healing of disease, and/or the therapeutic effects of drugs or enemas used for treatment, may cause discontinuous (patchy) inflammation mimicking CD. 24, [33] [34] [35] As a result, in UC patients who have been treated medically, pathologists cannot consider either patchiness of disease or rectal sparing as features indicative of CD. Thus, in previously treated patients, unless the patient reveals evidence of anal or perianal CD, granulomas unrelated to ruptured crypts or foreign material, or definite evidence of CD-like chronic active ileitis or upper GI involvement, it is virtually impossible to distinguish UC from CD in biopsies. Therefore, the major role of pathologists in this setting is to help clinicians determine the true extent and distribution of disease, the severity of disease, and the presence or absence of dysplasia or cancer. 23 Surgical pathology signouts should remain 'generic,' utilizing terminology that provides this information without committing to a specific diagnosis (of UC or CD). An example of a typical colonic mucosal biopsy signout of an IBD patient is 'severe chronic active colitis, no granulomas or dypslasia identified.' As mentioned above, if granulomas (unrelated to ruptured crypts or foreign material) are identified in one or more biopsies, or if CD-like chronic active ileitis or upper GI involvement is present, then a note indicating 'Crohn's disease is favored' or 'consistent with Crohn's disease' (if the patient has already had this diagnosis established clinically) is considered sufficient.
In contrast, in previously untreated IBD patients, pathologists may be able to offer more guidance to the clinician regarding the patients specific diagnosis. In this instance, individual biopsies should also follow the same 'generic' reporting format as described above for treated IBD patients. However, if patchy disease, rectal sparing (in an adult), CD-like ileal or upper GI involvement, granulomas or anal/perianal CD are identified, then a note indicating 'The findings are suggestive (or consistent) with CD' is considered reasonable. Alternatively, if none of these features are present, but, in contrast, the colon biopsies reveal either diffuse colon involvement, or continuous (nonpatchy) left-sided or sub-total colitis, and an absence of anal/perianal disease, a note indicating that 'UC is favored' is also reasonable. Since CD may, in fact, reveal all of these features in a small proportion of patients, indicating that 'UC is favored' leaves open the possibility of other disorders, such as CD. Regardless of whether the patient has been treated before colonoscopy, IC should never be diagnosed (or 'favored') by pathologists on the basis of analysis of mucosal biopsies of the colon and ileum.
Attempt to Change the Diagnosis of UC to CD Based on Pouch Complications
A discussion of the clinical manifestations, etiology and natural history of pouchitis is beyond the scope Figure 7 Patient with diffuse severe collagenous colitis. In this medium-power image, the crypts appear linear, but foreshortened, and there is evidence of plasmacytosis in the base of the mucosa similar to UC. In addition, there are superficial erosions and surface epithelial degeneration, thickening and irregularity of the subepithelial collagen layer, and multiple giant cells related to degenerated collagen, some forming loose granulomas. Figure 8 Medium-power image of a patient with diverticular disease-associated colitis showing involvement of the mucosa (only in the area of diverticular disease), and diverticular outpouches as well. In this image, there is diffuse lymphoplasmacytosis of the lamina propria, loose granulomatous inflammation related to a ruptured crypt, basal plasmacytosis, and foreshortening and slight distortion of the crypts, similar to UC. of this review. However, a few comments are important with regard to IBD pathology. Up to 50% of UC patients who undergo an IPAA procedure develop at least one episode of symptomatic pouchitis within the first year after surgery. 79, [93] [94] [95] A diagnosis of pouchitis is based on a combination of specific clinical, endoscopic and pathologic features. 95 Histologically, pouchitis most often shows active inflammation in the lamina propria and crypt epithelium, either with or without ulceration. 94, 95 A mild degree of architectural distortion, villous shortening, increased chronic inflammation, transmural inflammation and even pseudopyloric metaplasia may develop in UC patients with pouchitis, especially in the early postoperative period. [96] [97] [98] [99] Some of these changes may represent a form of adaptation of the mucosa to the new luminal environment in contact with pouch mucosa. 97, 99 Unfortunately, some patients with treatment unresponsive pouchitis may develop clinical and pathologic complications that mimic CD. 96 These include strictures, pouch stenosis or fistulas, granulomas, perianal fissures and fistulas, and even extraintestinal manifestations such as arthritis or pyoderma gangrenosum. In these settings, pathologists may question the validity of their original diagnosis of UC and entertain the possibility of CD instead. Several studies have addressed this issue and have found that, in most instances, the patients original diagnosis of UC is, in fact, correct. 96, 98, 100, 101 For instance, Goldstein et al 96 evaluated eight cases of presumed UC who developed one or more CD-like pouch complications after an IPAA procedure. The histologic findings in the patient's original colectomy specimen were indistinguishable from those of UC patients who did not develop complications, and, therefore, this author concluded that CDlike complications do not necessarily represent a mistaken diagnosis of UC. In another study by Subramani et al, 100 no pathologic features could be identified that reliably distinguished UC-related refractory pouchitis from CD of the pouch. Nonnecrotic epithelial granulomas unassociated with ruptured crypts may also be seen in pouch biopsies from patients with established UC and does not necessarily imply CD. 96 However, this is controversial, since in one study published only in abstract form, most patients with granulomas of the pouch were subsequently reclassified as CD based upon rereview of the patient's colectomy specimen and follow-up information. 98 One study suggested that ulcers in the afferent limb of patients who had an IPAA procedure were predictive of CD. 102 Thus, when faced with a patient with severe pouch complications, knowledge of the patient's prior and current clinical, radiologic, endoscopic and pathologic information, the latter both in pouch and in pre-pouch proximal ileal mucosa, should be carefully examined before changing the patient's original diagnosis of UC to CD. 102 Under these circumstances, evaluation of the patient's prior biopsies and colectomy specimens for evidence of CD is considered essential.
Use of serology in IC
There are a variety of serologic markers that have been tested in patients with UC, and in some cases, IC as well. [103] [104] [105] [106] [107] [108] [109] [110] Markers that have been most extensively studied include ANCA, ASCA, OMPc, cBIR-1 and anti I2. Of these markers, ANCA and ASCA have been most extensively studied. For instance, ANCA is detected in the serum of 60-70% of patients with UC, but in only 10-40% of CD patients. 106, 109, 110 Conversely, ASCA is present in 50-60% of CD patients, but in o10% of UC patients. 106, 109, 110 As a serum marker for CD, ASCA has a reported sensitivity of approximately 60%, and specificity over 90%. 110 In a meta-analysis designed to evaluate the diagnostic usefulness of ANCA and ASCA in IBD patients, these serologic tests were shown to be quite specific, but not very sensitive, in distinguishing CD from UC. 107 In that study, a combination of ASCA positivity and ANCA negativity offered the best overall sensitivity and specificity for CD (55% and 43%, respectively). A higher degree of sensitivity and specificity has been reported in pediatric patients. OMPc has been correlated with an increased risk of fibrostenosing and internal penetrating CD (present in about 55% of CD cases) and cBIR-1 in about 44% of cases and anti-I2 in about 54% of cases. 108, 109 All of these three peptides are present in o10% of UC patients. Unfortunately, these serologic tests have not been extensively studied in diagnostically difficult cases, such as in patients with IC. 103, 105, 106, 110 In one prospective follow-up study by Joossens et al, 110 the value of ANCA and ASCA serologic markers were evaluated in 97 IBD patients with IC. In that study, 49% of IC patients were negative for both ANCA and ASCA. 111 The remaining patients who had one or both of these peptides positive, ANCA and ASCA helped establish a definite diagnosis of CD (ASCA positive and ANCA negative) or UC (ASCA negative and ANCA positive) in only a minority of patients. Unfortunately, in most patients there was insufficient clinical, radiologic or pathologic information available in order to accurately classify IC patients as having either CD or UC. The sensitivities and specificities of ASCA/ANCA combinations ranged from 67% to 78%, respectively. Therefore, based on this one study, there appears to be limited clinical utility for these markers in separating IC cases into CD or UC. Further studies utilizing larger panels of serologic tests in patients with known UC and CD, and in those with IC needs to be performed in order to determine the true value of serologic tests in patients with IC.
Outcome of patients with IC
There have been many studies that have evaluated outcome of IC patients after total colectomy and IPAA. 9,10,14,112-117 Some of these are listed in Table 9 . Unfortunately, the results among these mainly retrospective studies are quite variable, and this is likely related to the fact that these studies utilized heterogeneous study populations, and inconsistent and/or poorly defined inclusion criteria for IC. Many studies lacked sufficient follow-up information. Regardless, pouch failure rates in patients with IC average about 20%. 14 This value is, not surprisingly, intermediate in value between patients with UC (approximately 10%) and those with CD (30-60%), but is closer to the former. The finding of pouch failure rates in IC patients that range in between UC and CD is not surprising given that most published IC study groups consist of a mixture of true UC and CD patients. However, many studies failed to show a significant difference in outcome between patients with IC and UC, and this is likely related to the fact that most IC patients either have, or end up being diagnosed with, UC. 9, 14, 112, 115, 116 For instance, in a study by Delaney et al, 116 of 79 IC patients and 565 UC patients, all of whom have had a total colectomy and IPAA procedure, there was no significant differences in the frequency of pouch strictures, fistulas, pouchitis, pouch loss or regarding the development of CD upon follow-up, between these two patient groups. In a large follow-up study of 82 patients with IC and 1437 patients with UC, all of which who had an IPAA procedure, 12 of the initial 82 patients (15%) were ultimately diagnosed with CD. 46 When these patients were removed from the analysis, there was a statistically similar rate of pelvic sepsis, pouch fistula, pouch failure or any one or more of the above-described pouch complications, in patients with a persistent diagnosis of IC after follow-up compared with patients with known UC. The pouch complication rates were 49% and 48% in these two groups, respectively. Similar results were detected by Pishori et al 114 (pouch complications; IC: 31% and UC: 38%) and Rudolph et al 115 (pouch failure rates; IC: 0% and UC: 8%).
Gramlich et al 10 evaluated 115 patients with IC compared with 231 UC controls. After a more detailed pathologic analysis, IC patients were separated into those in which UC was favored, those in which neither diagnosis was favored and those in which CD was favored (99, 8 and 8 cases, respectively) . In that study, only patients with IC who developed deep ulcers, (which were suggestive of CD) developed unequivocal CD upon follow-up, pelvic abscesses or complex fistulas. None of the patients with IC who lacked deep ulcers had an increased risk of pouch failure, above the rate of the control (UC) patients. This study also further emphasizes that in the majority of IC patients, after careful analysis, a diagnosis of UC is usually favored. Finally, in one study by Meucci et al, 118 50 of 1113 IBD patients were diagnosed with IC (4.6%) clinically (before surgical resection). Upon follow-up, 73% of the IC patients had a definitive diagnosis of either UC or CD established (54% UC and 46% CD). The cumulative probability of establishing a final diagnosis of either UC or CD was 80% after 8 years. However, in that study, a diagnosis of IC was based on clinical, radiologic and endoscopic (including biopsy) parameters, but not resection specimens, a method of diagnosis of IC that is highly discouraged.
Summary
IC is not a discrete disease entity. It represents an interim diagnosis that pathologists make when faced with a UC-like colonic resection specimen that shows one or more CD-like features. Most causes of uncertainty are due to overlapping features as a result of fulminant colitis, insufficient clinical, radiologic, endoscopic or pre-resection biopsy information, or failure to recognize unusual pathologic variants of UC that mimic CD, and variants of CD that mimic UC. Features such as transmural lymphoid aggregates, deep fissuring ulceration, granulomas (unrelated to infection, foreign material or ruptured crypts etc) and rectal sparing before treatment, are considered major features of CD. Any one or more of these features identified in a colonic resection specimen from an IBD patient should evoke strong suspicion for CD. Not all cases of IBD are due to UC and CD. Other diseases, such as drug reactions, certain infections, ischemia, diverticulitis-associated colitis and even radiation colitis, can mimic IBD and should be considered in the differential diagnosis of diagnostically difficult 'IBD' cases. Furthermore, superimposed diseases and infections in patients with previously established UC can render the patient difficult to diagnose accurately because of the formation of a CD-like pattern of inflammation in the colon. A diagnosis of IC should never be made clinically, or in pre-resection mucosal biopsies. Caution should be used when changing an IBD diagnosis based on pouch complications. Ultimately, the majority of IC cases represent UC, and, thus, most of these patients can be treated safely with a colectomy combined with an IPAA procedure.
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